Among them, the cement gland is an ectodermal organ that lies anterior to any neural tissue It would therefore be interesting to see if CG formation is also regulated by BMP signalling. To test the role of BMP signalling in head patterning, we did timed anti-BMP treatments in suggesting that a timing mechanism, which is BMP dependent and can be converted into
spatial patterns by anti-BMP signals, may be involved in patterning the vertebrate head-EAD. To examine the role of BMP signalling in head formation, we injected Noggin protein, an
antagonist of BMP (Smith & Harland 1992; Zimmerman et al. 1996) , into the blastocoel of 1 1 7
the embryo at stage 8, 9, 10, 10.5 and 11 (from blastula to gastrula stage) (Fig 1) . Embryos injected at stage 9 also showed a blob of tissue, but the cement gland was much smaller.
When Noggin was injected at st.10, a visible, short head (half head) was formed in the structures, truncating head formation at the hindbrain and neck region, respectively. Therefore, sequentially later Noggin treatments arrested head and EAD formation at more head-tail patterning can be stopped sequentially by timed BMP inhibition. The above observations led us to postulate that the "head timer" is BMP-dependent and can BMP inhibition (Smith et al. 1993; Zhu et al. 2017) . In our experiments, injection of the frog inhibitory Smad that can interfere with BMP pathway (Imamura et al. 1997; Hata et al. 1998 ;
Goto et al. 2007), however, it displayed a dorsalised phenotype ( Fig S1) . We then did anti-
BMP treatments in BMP4-ventralised embryos at different stages using a Smad6GR It is worth noting that, both in Hashiguchi's study and in this study, the last and most continuous with a yet earlier, more anterior EAD sequence. In short, a BMP-anti BMP time-
space sequence covers the whole A-P axis. The timing of A-P markers is disrupted in smad6-injected embryos
During trunk patterning, collinearity causes Hox genes to be expressed in a 3' to 5' order, and Hox genes has been proposed to serve as a timer, which can be interpreted and translated into earlier than Hox genes by anti-BMP treatment, it is natural to think that these genes are also
expressed in a temporal sequence, which could complement the Hox sequence to constitute
an integrative timer. In addition, the very early induction of xcg1, Fig. 2 indicates that the
EAD is timed very early in the same sequence as the head. However, although these genes
showed a spatial sequence of expression along the A-P axis (Fig S2) , the endogenous timed
activation of these genes did not strictly correspond to their spatial order along the A-P axis 1 7 2 (Fig 3) . For example, six-3 demarcates the most anterior border of the developing neural plate and lateral mesoderm during gastrulation, the earliest expression of six3 and otx2 was located
at the dorsal side of the embryo. The expression kinetics and expression locations of these 1 7 8
genes therefore make them less likely to be "timer genes" or "fixation genes" themselves (at
least not all of them are). They are presumably downstream of the timer. Even so, however, remaining available till much later) (Fig 3) . For example, the expression of six3 in smad6-
injected embryos was advanced to stage 11.5 from stage 12. Expression of gbx2 and hoxd1
was significantly reduced and only detectable from stage 11.5, whereas their expression in For example, gbx2 shows a significant effect on head development when ectopically 1 9 0 expressed at stage 9 and 10. The effect gets less drastic when it is expressed at later stages,
e.g. stage 12 and 13 (Tour et al. 2002) . Therefore, these results further emphasise the 1 9 2
importance of BMP signalling in regulating head patterning. The results in this study suggest two aspects of head patterning. First, the vertebrate head and EAD are patterned in a temporally progressive manner: the EAD is patterned first, followed
by the patterning of the forebrain, the midbrain, the hindbrain and the neck. Second, BMP 1 9 9 9 signalling is involved in patterning the head in time and space, which can be seen from the 2 0 0 progressive arrest of head and EAD formation by timed anti-BMP treatments (Fig 1) and
from sequential fixation of anterior marker genes (xcg-1, six3, otx2, gbx2, and hoxd1) by anti-2 0 2 BMP (Fig 2) . However, the molecular mechanism, by which BMP signalling regulates head- EAD patterning and the location of the timer, however, are so far unknown. Some of the
anterior head makers (e.g. six3, gbx2) that we examined in our study presumably do not
regulate timing or fixation because they were not sequentially expressed endogenously (Fig   2  1  2 3). Since these genes could be fixed sequentially by anti-BMP treatments, a possible 2 1 3 explanation is that sequential states of the currently unknown "head timer" are fixed genes and hence progressive patterning of the head-EAD. In conclusion, the results in study
argue for a vital role for BMP/anti-BMP in patterning the vertebrate head in time and space.
1 7
We postulate that a ventral BMP dependent timer sequentially exposes and dorsal anti BMP most anterior EAD part of the axis and then going on to an A-P sequence of states in the head
before ending in an A-P Hox sequence in the trunk and tail part of the axis (Fig 4) . Frog embryos were harvested from naturally mated females and staged according to
Nieuwkoop and Faber (Nieuwkoop & Faber 1994 were then treated with 10 µM dexamethasone for 2 hours at desired stages and cultured to pXgbx-2 (for gbx-2 probe) (von Bubnoff et al. 1996) , and pBluescript SK-xHoxLab1 (for 
